The anorexigenic effects of intramuscular d-amphetamine HCl (0.06 -0.50 mg/kg) and dexfenfluramine HCl (0.25-2.0 mg/kg) were determined in experimentally naïve baboons. A group of 8 adult male baboons was tested prior to a group of 7 adult female baboons. A 120-min session occurred at 9:00 a.m. during which baboons could respond for food pellets. Drug was given 30 min prior to the 9:00 a.m. morning session. Beginning at 11:00 a.m., baboons had a 6-hr multiple-meal session during which they could have up to 4 food pellet meals. Food was not available overnight, but food was available for 90 min upon awakening such that drug effects were evaluated in non-food-deprived animals. Under baseline conditions baboons earned between 30 and 70 pellets during the morning session and another 175-225 pellets during the remainder of the day. Amphetamine and dexfenfluramine produced dose-dependent decreases in food pellet intake during both the morning food session and the later multiple-meal session. Whereas there were minimal sex differences in the effects of dexfenfluramine, many of the amphetamine doses produced greater decreases in pellet intake in males than females. These results are discordant with much of the rodent literature on abuse-related drug effects that generally reports greater effects of amphetamine in females than males. Additional work is needed to replicate the current findings in nonhuman primates.
Drugs that increase central dopamine (Fuchs, Nagel, & Hauber, 2005) and drugs that increase central serotonin (Blundell, Latham, & Leshem, 1976) decrease food intake in both laboratory animals and humans and have been used clinically to treat obesity. Although both groups of drugs are anorexigenic, drugs that increase dopamine are generally stimulants that also increase alertness (Poulton, Hibbert, Champion, & Nanan, 2016) , whereas drugs that increase serotonin often induce drowsiness and improve sleep (Halford, Harrold, Boyland, Lawton, & Blundell, 2007; Monti, Pandi-Perumel, Jacobs, & Nutt, 2008) . Females are more likely to be prescribed anorexigenic drugs to treat obesity than males. For instance, in a recent review that summarized data from 20 studies in humans, approximately 68% of the study samples were female (Yanovski & Yanovski, 2014) .
There is a relatively large literature on the effects of anorexigenic drugs on feeding behavior primarily in male rodents (e.g., Blundell, Latham, & Leshem, 1976; Halford et al., 2007) , but few have examined sex differences in this regard. For example, Eckel, Rivera, and Atchley (2005) reported that female rats were more sensitive to lower doses of fenfluramine than males and that the estrous cycle affected sensitivity with greatest sensitivity during estrus (high circulating estrogens) in females. In contrast, Pickens et al. (2012) failed to see a sex difference in the effects of fenfluramine on food intake in rats. Wellman, Ho, and Nation (2008) found that cocaine produced greater decreases in feeding in female than male rats, and this effect was greatest during the estrous phase. Most preclinical data on sex differences in the effects of anorexigenic drugs in laboratory rodents have focused on the abuse liability or reinforcing efficacy of stimulants, and most observe sex differences (see reviews by Anker & Carroll, 2010; Fattore, Altea, & Fratta, 2008) . For example, with respect to the stimulant methamphetamine, female rodents (a) show greater locomotor activity and stereotypy following intravenous methamphetamine (Milesi-Hallé, McMillan, Laurenzana, Byrnes-Blake, & Owens, 2007) , (b) acquire methamphetamine self-administration at a faster rate (Roth & Carroll, 2004) , and (c) self-administered more methamphetamine (Roth & Carroll, 2004) than males.
In contrast, based on a review of research with nonhuman primates on the effects of anorexigenic drugs, Foltin (2012) noted that only eight female nonhuman primates had been tested over the previous 30-year span. Four of those animals were baboons who had been tested with dexfenfluramine or d-amphetamine (Foltin & Haney, 2007) in several studies that also had a group of four male baboons. Based on the small sample of four male and four female baboons, those studies found minimal evidence for sex differences in the anorexigenic effects of amphetamine and dexfenfluramine. Given the paucity of data on sex differences in response to anorexigenic drugs in nonhuman primates, the purpose of this study was to investigate possible sex differences in the anorexigenic effects of amphetamine and dexfenfluramine in a larger group of baboons (eight males and seven females).
Method Animals
One group of eight adult male baboons (Papio cynocephalus anubis), initially weighing 19.8 -26.5 kg (M ϭ 23.6) first completed the study, and then one group of seven adult female baboons, initially weighing 8.4 -15.5 kg (M ϭ 11.7) completed the study. All baboons were experimentally naïve. Baboons were individually housed in custom-designed nonhuman primate cages (1.4 ϫ 1.2 ϫ 1.5 m high) at the New York State Psychiatric Institute. The room was illuminated with fluorescent lighting from 7:00 a.m. to 7:00 p.m. daily. In addition to food earned during experimental sessions, food was available for 90 min upon awakening so drug effects could be evaluated in a non-food-deprived state. Also, two chewable vitamins, two pieces of fresh fruit, and a dog biscuit were given daily. Water was available ad libitum from a spout located at the back of each cage. All aspects of animal maintenance and experimental procedures complied with the U.S. National Institutes of Health Guide for Care and Use of Laboratory Animals and were approved by the New York State Psychiatric Institute Animal Care and Use Committee.
Apparatus
A response panel was located on the front wall of each cage. Six session lights (CM 1820, 24 V; Chicago Miniature, Buffalo Grove, IL) with white lenses were evenly spaced around the outside edges of the panel, and two Lindsley lever response manipulanda (BRS-LVE, Beltsville, MD) were mounted at the bottom: two lights were mounted above each lever. A pellet dispenser (BRS-LVE model PDC-005) was also mounted on the response panel with a tube that ran to a pellet catch cup that the baboons could reach into to pick up the food pellets.
Morning Food Session
A morning food session began each day (except Sundays) at 9:00 a.m. The beginning of the session was signaled by illumination of the session lights and the right light above the right lever. Pulling the right lever 10 times resulted in the delivery of 10 food pellets [grain-based, banana-flavored 1-g food pellets containing 3.4 kcal (13.22 kJ): 0.21 g protein, 0.4 g fat, 0.55 g carbohydrate (0.16 g sugars, 0.39 g other carbohydrates), 0.67 g minerals and vitamins, for example, ash, 0.04 g fiber, Ͻ10.0% moisture; caloric content derived from 25% protein, 10% fat, 19% sugar, 46% other carbohydrate; Bio-Serv, Inc., Frenchtown, NJ] and both lights above the right lever flashed 10 times. Food delivery was followed by a 7-min timeout during which responding had no consequences. Baboons could earn up to 100 food pellets.
Multiple-Meal Session
Pellet meals were available four times, beginning at 11:00 a.m. during a 6-hr session. Pellet meal availability was signaled by the illumination of the session lights and the right light over the left lever. If a baboon wanted to eat a meal of pellets, it had to pull the left lever. The first pull on the left lever started a 30-min timer, and during that interval each time the left lever was pulled 10 times, both lights above the left lever flashed 10 times. After the 30 min were up, the left light above the left lever was illuminated signaling the availability of food pellets. Each time the left lever was pulled 10 times, baboons received one food pellet and both lights above the left lever flashed 10 times. There was a 10-s interval after each pellet delivery when responding had no consequences. Each pellet meal ended after 90 min or when the baboon stopped responding for 10 min.
Procedure
When the room lights came on at 7:00 a.m., baboons were given the opportunity to eat food pellets for 90 min. Any food in the cage was removed at 8:30 a.m. Drug injections were given at this time (30 min before the session). A single 120-min meal session occurred at 9:00 a.m. during which baboons could respond for food; beginning at 11:00 a.m., baboons had four consecutive opportunities for a pellet meal until 5:00 p.m. Food was not available overnight, when baboons rarely eat. The eight males completed the study prior to the seven females.
d-Amphetamine HCl and dexfenfluramine HCl (Sigma Chemical Corp., St. Louis, MO) were dissolved in sterile saline. Amphetamine was administered in doses of 0.06, 0.12, 0.25, and 0.50 mg/kg, and dexfenfluramine was administered in doses of 0.25, 0.50, 1.0, and 2.0 mg/kg. Doses were based on previous work in baboons Foltin & Haney, 2007) . Saline was administered intermittently so that receiving an injection would not be a cue for a drug effect. All animals received all doses of all drugs with each dose-response assessment determined over a 6-week period. Drugs or placebo were given intramuscularly in a thigh muscle (location varying among sessions) up to twice per week at 8:30 a.m. 30 min before the 9:00 a.m. morning session. Females were not tested when sexual swelling was prominent to prevent a risk of the swelling being damaged during the injection process. Peak sexual swelling occurs around the time of ovulation, that is, beginning at the end of the follicular phase and ending at the beginning of the luteal phase (Gesquiere, Wango, Alberts, & Altmann, 2007; Higham, MacLarnon, Ross, Heistermann, & Semple, 2008) . The two smaller doses of each drug were tested before the two larger doses of each drug: Within each dose pair, dose order was counterbalanced such that four females and four males received the smallest dose of each dose pair first, and three females and four males received the largest dose of each dose pair first. Baboons were carefully observed after drug administration to determine whether a drug dose produced an apparent disruption in normal behavior, for example, response to the caregiver, movement about the cage, or abnormal vocalizations.
Data Analysis
The number of food pellets earned during the 9:00 a.m. session (maximum ϭ 100) and the total number of food pellets earned during the multiple-meal session (baboons could earn as many or as few pellets as they wanted during the multiple-meal session) for each drug were summarized using analyses of variance. Sex was a betweengroup factor. Both Drug (placebo vs. active; there was one placebo session for each active dose session), and Dose (four doses) were repeated-measures, within-group factors. To examine sex differences, t tests were accomplished comparing pellet intake in males and females at each dose. To examine dose effects within each sex, t tests were accomplished comparing pellet intake following each dose to pellet intake following placebo. Data were considered significantly different at p Ͻ .01, using Huynh-Feldt corrections where appropriate. Data were analyzed using SuperAnova.
Results
Amphetamine. Under placebo conditions, baboons earned between 30 and 50 pellets during the morning session and another 175-225 pellets during the multiple-meal session (Figure 1 , left panels). Amphetamine produced dose-dependent decreases in both morning [F(4, 52) ϭ 13.39, p Ͻ .0001] and multiple-meal [F(4, 52) ϭ 49.60, p Ͻ .0001] pellet intake. There was a significant main effect of sex for morning [F(1, 13) ϭ 13.39, p Ͻ .003] but not afternoon pellet intake, whereas there was a significant Dose ϫ Sex interaction for afternoon [F(4, 52) ϭ 13.04, p Ͻ .0001] but not morning pellet intake. During the morning session (p Ͻ .006), the two smaller amphetamine doses decreased pellet intake to a significantly greater extent in males than females, whereas during the later multiple-meal session (p Ͻ .00009), the two larger amphet- Figure 1 . Number of food pellet deliveries during the morning and multiple-meal session as a function of amphetamine (left panels) and dexfenfluramine (right panels) dose. §, A significant difference (p Ͻ .01) between males and females at that dose.
‫ء‬ A significant difference (p Ͻ .01) between that dose and placebo in females. ‫ءء‬ A significant difference (p Ͻ .01) between that dose and placebo in males. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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amine doses decreased pellet intake to a significantly greater extent in males than females. On average males ate fewer pellets than females during the morning session under baseline conditions, and the three larger doses of amphetamine abolished eating during the morning session and also decreased pellet intake during the afternoon-meal session. Dexfenfluramine. Under placebo conditions, baboons earned between 30 and 70 pellets during the morning session and another 175-225 pellets during the multiple-meal session (Figure 1, right  panels) ; during the morning session, females earned more pellets than males (p Ͻ .003). Dexfenfluramine produced dose-dependent decreases in both morning [F(4, 52) ϭ 38.93, p Ͻ .0001] and multiple-meal [F(4, 52) ϭ 24.50, p Ͻ .0001] pellet intake. There were no main effects of sex, but there were significant Dose ϫ Sex interactions for both morning [F(4, 52) ϭ 6.34, p Ͻ .0003] and afternoon [F(4, 52) ϭ 8.06, p Ͻ .0001] pellet intake. There was only one dexfenfluramine dose condition in which sex affected the response to dexfenfluramine: 1 mg/kg dexfenfluramine decreased pellet intake to a significantly greater extent in males than females (p Ͻ .002) during the multiple-meal session. Baboons were carefully observed after drug administration by an experienced research technician who reported that baboons responded normally to him approaching the cage and displayed no unusual vocalizations.
Discussion
Both amphetamine and dexfenfluramine produced long-lasting significant decreases in food pellet intake in non-food-deprived male and female baboons. Drug administration produced no obvious disruption of normal behavior other than responding for food because baboons behaved in the usual manner when observed by the research assistant. There were minimal differences in the effects of dexfenfluramine on food pellet intake across the sexes, replicating our earlier studies that used four male and four female baboons . In contrast, amphetamine produced greater decreases in pellet intake in males relative to females, and these findings differ from a previous study (Foltin & Haney, 2007) .
Interestingly, in the present study, sex differences were observed with the lower doses of amphetamine during the morning food session, whereas sex differences were observed with the two highest doses during the multiple-meal session later in the day. This suggests that male baboons may metabolize amphetamine more slowly such that greater blood levels hours after drug administration relate to greater anorexigenic effects. Whereas we could not find data on sex differences in the pharmacokinetics of amphetamine, several investigators have reported sex differences in the pharmacokinetics of methamphetamine in rats (Milesi-Hallé, Hendrickson, Laurenzana, Gentry, & Owens, 2005; Milesi-Hallé, Hambuchen, McMillen, & Michael Owens, 2015; Rambousek et al., 2014) . And, consistent with the greater abuse-related effects of methamphetamine in female rats described above, female rats also achieve greater methamphetamine blood levels and metabolize methamphetamine more slowly. The current findings should be replicated and pharmacokinetic studies undertaken to evaluate possible mechanisms of the sex differences.
Human females telescope more quickly into troubled drug use than human males and have greater psychiatric comorbidity (e.g., Greenfield et al., 2007; Holdcraft & Iacono, 2004; Najavits & Lester, 2008; Chen, O'Brien, & Anthony, 2005) . Furthermore, females are at greater risk for relapse to drug use than males (Paliwal, Hyman, & Sinha, 2008) or dropping out of treatment sooner than males (Siqueland et al., 2002) . For example, Vansickel et al. (2009) reported that females were more responsive to a low dose of oral amphetamine than males, but the opposite was true at a higher dose. The rodent literature is remarkably consistent in these sex differences, when models are available (e.g., Reichel, Chan, Ghee, & See, 2012; Roth & Carroll, 2004) . Whereas the data in rodents on sex differences and feeding behavior in response to anorexigenic drug administration are limited, when differences are observed, females are more sensitive than males (Eckel et al., 2005; Wellman et al., 2008) . These findings are consistent with previous studies in rodents showing that females are more sensitive to the reinforcing effects of drugs, particularly stimulants (e.g., Anker & Carroll, 2010; Fattore et al., 2008) .
In the present study, greater sensitivity to the anorexigenic effects of amphetamine in male baboons relative to female baboons differs from the pattern of sex differences reported in humans or rodents. The current observation of a sex difference with respect to the anorexigenic effects of amphetamine and not dexfenfluramine adds to the wide range of effects that differ between drugs that increase dopamine and drugs that increase serotonin. One key difference is that drugs that increase dopamine are more likely to be abused compared with drugs that increase serotonin. Given this difference and the reliable sex differences in abuse liability measures with stimulants, it was not surprising that sex differences were observed here. However, in contrast to the rodent literature, male baboons were more sensitive to the anorexigenic effects of amphetamine than female baboons. Unfortunately, no studies in baboons have assessed sex differences in response to the reinforcing effects of these anorexigenic drugs. Therefore, it is unclear whether the present findings represent a species difference or a difference in basic mechanisms affecting the control of food intake versus reinforcement. Thus, it is possible that there are sex differences in the neurobiology of feeding behavior that have not been elucidated in human or nonhuman primates.
Alternatively, the current findings are an anomaly. Indeed, with a smaller sample size, we did not observe sex differences with these compounds in a different group of baboons that had extensive experimental histories compared with the experimentally naïve baboons used here Foltin & Haney, 2007) . Another difference is that in the current study, the groups of males and females were run sequentially, so perhaps another nondrug variable influenced the study outcome, although the absence of sex differences in response to dexfenfluramine mitigates that argument.
The current study looked at only acute administration of drugs, whereas clearly individuals receiving anorexigenic drugs for medical purposes will most likely be taking drug repeatedly, not only on occasion. With respect to repeated administration we (Foltin, 1990) have shown that tolerance develops to the anorexigenic effects of amphetamine, but not dexfenfluramine when the drugs are given repeatedly to male baboons. Additional work examining possible sex differences in the development of tolerance or sensitization to these types of drugs when given repeatedly is warranted. In spite of the large number of females who clinically use anorexThis document is copyrighted by the American Psychological Association or one of its allied publishers.
igenic drugs, there is a paucity of studies that have addressed sex differences in this area or the effects of repeated anorexigenic drug administration. The present outcome argues for additional research examining sex differences in response to anorexigenic drug administration to more fully understand the mechanisms underlying feeding behavior.
